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Abstract. The Coast Plutonic Complex 
between Prince Rupert and Terrace, British 
Columbia, developed in two stages between 
mid-Cretaceous and mid-Eocene time. The 
early stage (>100-70 Ma) involved crustal 
thickening as the amalgamated Alexander 
and Wrangellia terranes were emplaced 
against the Stikine terrane to the east. 
This thickening resulted from tectonic 
stacking of crustal slabs, lubricated by 
intrusion of melt generated at the base of 
the thickened crust. Emp!acement of 
westward directed thrust slabs along the 
western margin of the orogen was 
accompanied by intrusion of a high 
pressure epidote-bearing tonalite pluton 
and associated sills. Thrusting resulted 
in inversion of the metamorphic sequence 
as supracrustal rocks buried early in the 
collision were tectonically exhumed. 
Pluton emplacement also accompanied 
eastward directed thrusting of high 
temperature gneisses over low-grade rocks 
on the eastern margin of the orogen as the 
tectonic welt was backthrust over 
Stikinia. The earliest recognized events 
in the core of the orogen involve perva- 
sive ductile deformation accompanied by 
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emplacement of tonalite sills between 
about 85 and 50 Ma. Uplift of the orogen 
core between 60 and 48 Ma coincided with 
and was facilitated by emplacement of 
large volumes of tonalitic magma, accom- 
panied by anatexis and the development of 
ductile shear zones. One of these shear 
zones, the Work Channel lineament, 
presently separates the core of the orogen 
from the schists to the west. The main 
orogenic cycle ended by 48 Ma when the 
rocks cooled rapidly through the biotite 
and hornblende Ar blocking temperatures. 
The time and space associations of 
deformation, metamorphism, and plutonic 
intrusion imply that substantial 
differential movement occurred across 
zones which contained fluid during 
deformation of the Coast Plutonic Complex. 
In the region of westward directed 
thrusting and inverted metamorphism, melts 
generated in the tectonically thickened 
lower crust and fluids released during 
metamorphic recrystallization of supra- 
crustal rocks, which were rapidly buried 
during tectonic thickening, acted to 
reduce the strength of the crust. In the 
core zone of the complex, injections of 
tonalite magma into the lower crust 
induced pervasive anatexis. The weakened 
core zone yielded along both low angle and 
steep shear zones that were further lubri- 
cated by melt as the relatively buoyant 
hot crust rose rapidly in response to 
continued compression and underthrusting. 
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Fig. 1. Generalized map of coastal British Columbia and southeastern Alaska 
showing the location of the Prince Rupert-Terrace area of Figure 2. The heavy 
dot-dash line is the trace of the Coast Range megalineament (C.R.M.) [Brew and 
Ford, 1978], which becomes the Work Channel lineament in British Columbia. 
Just east of this lineament lies the foliated tonalite sill (F.T.S.)[Brew and 
Ford, 1978], including the Quottoon pluton (Q.P.) in British Columbia. The 
wavy line separates the low-grade metamorphic rocks of the eastern belt from 
the higher-grade rocks of the Central Gneiss Complex. 
INTRODUCTION 
The location of Phanerozoic regional 
metamorphic terranes suggests they form an 
integral component of the tectonic 
processes at collisional plate boundaries. 
The distribution of metamorphic facies in 
these terranes, the mechanisms for 
imposing metamorphic temperature and 
pressure conditions on the rocks, the 
associated intense deformation, and the 
source of the synmetamorphic and post- 
metamorphic igneous rocks have been 
modelled using various interpretations of 
processes at these plate boundaries. 
Examples include crustal thickening by 
overthrusting and/or underthrusting 
[Oxburgh and Turcotte, 1974; Crawford and 
Mark, 1982], by buckling during collision 
[Dewey and Burke, 1973], and by addition 
of magmatic material [Wells, 1980]. In 
this paper we present the thermal and 
structural history deduced for a transect 
across the British Columbia-Alaska Coast 
Plutonic Complex between latitudes 54 ø and 
55 ø North (Figure 1). The transect 
straddles two major terranes: the 
amalgamated Alexander and Wrangellia 
terranes (Insular Superterrane) on the 
west and the Stikine terrane to the east 
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Fig. 2. Map of the Prince Rupert-Terrace area showing the distribution of the 
western, central, and eastern belts and of the large intrusive bodies 
(patterned). The Work Channel lineament (dot-dash line) separates the western 
and central belts; the boundary between the central and eastern belts lies 
within the area mapped as Ponder pluton. Kyanite and sillimanite-bearing 
localities are shown to emphasize the contrast in metamorphic mineral 
assemblages between the western and central belts. Localities 1, 2, and 3 are 
used for reference in the text and in Figures 3 and 8. 
[Monger et al., 1982]. Thus the history 
we describe and interpret documents the 
processes which occur in convergence and 
collision between continental crustal 
blocks. In our interpretation each of the 
processes listed above played a role in 
the development of the Coast Plutonic 
Complex. 
Our transect, between Prince Rupert and 
Terrace, British Columbia, crosses the 
Coast Plutonic Complex midway along its 
length and has reasonably good access by 
highway, boat and helicopter. Mapping of 
the area (Figure 1, Figure 2) on a recon- 
naissance scale [Hutchison, 1982] was 
completed by 1967. Using Hutchison's work 
as a base, we have reexamined in greater 
detail the coastal area from Prince Rupert 
north to the Canada-Alaska border and the 
mountains on either side of the Skeena 
River east of Work Channel (Figure 2). 
Our interpretation is based on the 
stratigraphy, the structural data, the 
constraints of thermal history inferred 
from the metamorphic assemblages and from 
the plutonic rocks, and on the age 
constraints using presently available 
geochronologic data. The data are 
summarized in Table 1. The orogen 
developed from mid-Cretaceous to middle 
Eocene time with minor igneous activity 
and local faulting continuing to the 
present. The early stage involved east- 
ward directed synmetamorphic imbricate 
underthrusting of Insular Superterrane 
units along the western margin of the 
present belt. As the orogen developed 
regional scale thrusts and nappes formed 
accompanied by injection of magma within 
and adjacent to zones of ductile 
deformation. Supracrustal rocks were 
buried to depths of about 25-30 km and 
were subsequently uplifted along thrust 
faults on both margins of the orogen. In 
the orogen core, emplacement of syntec- 
tonic tonalite bodies and sills raised the 
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temperature of those core rocks and 
produced additional crustal thickening. 
Total crustal thickening may have exceeded 
60 km. Rapid uplift (~1 mm/yr) of crustal 
blocks in the orogen core along steep 
regional shear zones raised the tectoni- 
cally buried supracrustal rocks and 
associated plutons to shallow crustal 
levels. The presence along shear zones of 
anatectic melt as well as injected 
tonalite probably assisted and accelerated 
the major crustal deformation. 
REGIONAL GEOLOGY--OVERVIEW 
The area of the traverse is subdivided 
into three distinct belts separated by 
tectonic breaks which have been traced for 
much of the length of the Coast Mountains: 
the low- to high-grade schists and 
gneisses of the western metamorphic belt, 
the high grade gneisses and associated 
plutonic bodies of the Central Gneiss 
Complex in the central belt, and the very 
low grade to unmetamorphosed sedimentary 
and volcanic rocks of the eastern belt 
(Figure 2). 
Low-grade metamorphic rocks of the 
western metamorphic belt include 
fossiliferous Mississippian, Pennsyl- 
vanian, and Upper Triassic strata and 
Lower Jurassic rhyolite [Woodsworth et 
al., 1983a; Woodsworth and Orchard, 1985] 
which can be traced from Randall and 
Dunira Islands to Devastation and Digby 
Islands just west of Prince Rupert (Figure 
2). According to Woodsworth and Orchard 
[1985] these rocks may correlate with 
units mapped by Berg et al. [1978] as part 
of the Alexander Terrane in southeastern 
Alaska. They are overlain by carbonaceous 
argillite and conglomerate that resemble 
rocks of the Gravina-Nutzotin belt exposed 
in the Ketchikan quadrangle [Berg et al., 
1972]. In the eastern belt, 130 km 
southeast of this traverse in the 
Whitesail Lake map area, east of the high- 
grade crystalline rocks, Lower Jurassic 
rocks characteristic of the Stikine 
terrane can be traced westward into 
medium- to high-grade schists flanking the 
eastern edge of the Central Gneiss Complex 
of the central belt [Woodsworth, 1979; van 
der Heyden, 1982]. Ages for the protolith 
of the high grade metasedimentary rocks in 
the western belt east of Prince Rupert and 
in the central belt are unknown. However, 
fossils recently found in the Central 
Gneiss Complex west of Terrace [Hill, 
1985] may correlate with upper Paleozoic 
fauna from the Stikine terrane. Several 
concordant U/Pb dates have been obtained 
from migmatite of the Central Gneiss 
Complex; they range from 65 to 85 Ma 
[Woodsworth et al., 1983b]. An older 
nearly concordant U/Pb date of 139 Ma has 
been obtained on a nonmigmatitic 
leucogneiss [Hill, 1984]. This is the 
oldest date from the Central Gneiss 
Complex of British Columbia and provides a 
minimum age for at least part of the 
premetamorphic protolith of the central belt. 
The western and central belts are 
separated by the Work Channel lineament 
zone (Figure 2) which contains vertically 
foliated mylonite and augen gneiss with 
near-vertical lineations. The transition 
between the central and eastern belts is 
largely obliterated by Ponder Pluton and 
other syntectonic to posttectonic plutons. 
However, at one place in our section, in a 
highway cut along the Skeena River, the 
contact zone between the central belt 
gneisses and the greenschist facies rocks 
to the east lies along greenschist facies 
mylonitic gneiss dipping gently northwest 
and along northwest trending, steep 
brittle faults. Westerly dipping 
mylonites were also recognized at this 
contact 130 km to the southeast by van der 
Heyden [1982, 1985]. 
Each belt has a different and distinct 
history, the details of which are 
presented below. 
WESTERN BELT 
The western metamorphic belt consists 
of at least three tectonically juxtaposed 
packets of interlayered well-foliated 
metasedimentary and metavolcanic rocks cut 
by thrust faults and shear zones. In 
general, limbs of isoclinal folds, 
metamorphic foliation, and thrust faults 
dip at low to moderate angles to the east 
or southeast [Crawford and Hollister, 
1982]. The vergence on all structures is 
to the west or northwest, so the schists 
along the eastern side of the belt occupy 
the structurally highest position. 
Metamorphic grade increases from west to 
east from chlorite through garnet, 
chloritoid, staurolite, and kyanite + 
migmatite zones. The high-grade part of 
this metamorphic sequence is inverted, 
whereby the schists and gneisses that lie 
at the highest structural levels along the 
eastern boundary of the belt (e.g., 
locality 2, Figure 2) contain the highest 
pressure mineral assemblages (8+1Kb), 
pressures equivalent to burial at depths 
of about 30 km (Figure 3). 
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Fig. 3. Pressure-temperature diagram 
summarizing the history of the rocks at 
localities 1, 2, and 3 of Figure 2. Paths 
1 and 2 are for rocks in the western belt; 
path 3 is for rocks in the central belt. 
Points a, b, c, d, and e are referred to 
in the text. The stability fields of 
kyanite, sillimanite, and andalusite are 
shown for reference. All three paths 
start at the surface (P=0 kbar, T=25øC), 
possibly at 110 Ma, and return to the 
surface. The ages of specific points on 
the P-T trajectories are based on isotopic 
data discussed in the text. 
Only the rocks in the structurally 
lowest packet, exposed on the islands west 
of Chatham Sound, along the western shore 
of Tsimpsean Peninsula and on Digby Island 
(Figure 2, Figure 4), preserve sufficient 
information to permit correlation with 
adjacent areas. These are the units 
identified above as belonging to the 
Alexander terrane and the Gravina-Nutzotin 
belt. Primary sedimentary structures in 
fine-grained dark siltstones and the 
easterly younging stratigraphy described 
by Woodsworth and Orchard [1985] indicate 
that the rocks are right side up. 
Tonalite and granodiorite plutons that 
intrude these greenschist facies schists 
postdate the development of a regional 
east dipping foliation [Hutchison, 1982]. 
Ninety-six- and 84-Ma K/Ar dates on 
biotite from these plutons [Hutchison, 
1982] give a minimum age for the 
deformation and low-grade metamorphism. 
The maximum age is given by a 186 Ma U/Pb 
date on zircons from metamorphosed 
rhyolite [Woodsworth and Orchard, 1985]. 
The top of the lowest packet is the 
Prince Rupert shear zone that lies along 
the western side of Kaien Island and in 
the city of Prince Rupert (Figures 4 and 
5a). As this zone is approached from the 
west, an increasingly intense second 
deformation is imposed on the low-grade 
schists. The field evidence suggests that 
this second deformation in the schists of 
the lowest packet is associated with 
formation of the shear zone. The first 
manifestation of this second deformation 
is a spaced cleavage that dips 30 ø to 50øE 
or SE and cuts both limbs of the early 
isoclinal folds and the associated first 
foliation (marked by muscovite and 
chlorite parallel to compositional 
layering). This is shown diagrammatically 
at the western end of section A-A' (Figure 
5a). Plagioclase-phyric andesitic(?) 
dikes up to several meters thick lie 
parallel or at a low angle to this second 
cleavage. The margins of the dikes are 
foliated, although the centers of the 
thicker ones are generally massive. The 
fine-grained matrix of the dikes has been 
entirely altered and recrystallized to 
chlorite, albite, and carbonate but the 
plagioclase phenocrysts appear fresh. The 
orientation of the dikes, their metamor- 
phism, and their deformation all suggest 
they were intruded during the deformation 
that formed the second cleavage. Close to 
the Prince Rupert shear zone, the spaced 
cleavage becomes a penetrative foliation 
associated with recumbent tight to 
isoclinal folds a few meters in amplitude. 
Quartz veins oriented parallel and 
perpendicular to the foliation increase in 
abundance. The schists as well as green- 
stone dikes, similar to the plagioclase- 
phyric dikes to the west, are pervasively 
deformed, obliterating earlier structures. 
Within the shear zone itself the foliation 
is disrupted into a complex of tectonic 
boudins each a few to tens of meters long. 
A distinct decrease in grain size is 
attributed to recrystallization during 
intense flattening and shearing. 
Metamorphic grade increases rapidly 
across Digby Island. Mineral textures 
suggest that biotite, garnet, staurolite, 
and kyanite nucleated and grew during the 
second deformation (Table 1). In fissile 
units in the lower-grade schists on the 
west coast of Digby Island, biotite occurs 
in small wrinkles of the early foliation. 
In other units, biotite flakes are 
oriented parallel to the second spaced 
cleavage. In higher-grade schists close 
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Fig. 4. Map of the Prince Rupert area, western belt, showing the location of 
cross sections AA' and BB' (Figure 5). The zones of most intense early 
shearing are labelled synmetamorphic shear zones. Late (young) shears are 
vertical zones of brittle deformation. 
to the shear zone, garnet and staurolite 
show helicitic textures that apparently 
developed due to slip along the foliation 
as those minerals grew. Porphyroblasts, 
including kyanite, are stretched and 
fractured in small scale analogues of the 
boudinage of the rock layers. This 
tamp•phism has been dated at 90+1Ma by 
•Ar/4OAr dates on hornblende [Sutter and 
Crawford, 1985]. The garnet-biotite 
geothermometer [Ferry and Spear, 1978] and 
the garnet-plagioclase-kyanite-quartz 
geobarometer [Ghent, 1976] suggest that 
kyanite crystallized in these schists 
(locality 1, Figure 2; Figure 3) at 5.6+.5 
kbar and 560ø+20 øC. This contrasts with 
higher pressures and temperatures derived 
from overlying units east of the shear 
zone (locality 2, Figure 2; Figure 3). 
Lithologic changes across the shear 
zone suggest that it represents the 
eastern boundary of the Alexander terrane. 
None of the units in the lower packet, 
described above as correlative with 
Alexander terrane rocks, are recognized 
east of (above) the shear zone. Above the 
shear zone the rocks are predominantly 
biotite-hornblende quartz schists 
suggesting a greywacke or similar 
protolith. Amphibolite units inter- 
layered with the schists throughout the 
upper packet may represent mafic volcanic 
units. Some of the schists above the 
shear zone are calcareous, but thicker 
marble units like the upper Paleozoic and 
Triassic units assigned to the Alexander 
terrane and dark carbonaceous schists and 
conglomerates correlated with Gravina- 
Nutzotin flysch are not present. 
Structural style and metamorphic grade 
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also differ in the packet of schists that 
lie above the shear zone (Figure 5a). 
Immediately above the shear zone, upright 
isoclinal folds on a scale of meters to 
tens of meters, which plunge 10 ø to 15 ø to 
the south, refold an earlier foliation. 
These relations and the fact that these 
folds die out eastward suggest that they 
may have formed during tectonic emplace- 
ment of this middle schist packet over the 
lower packet to the west. Kyanite, 
aligned parallel to the upright isocline 
fold axes and in quartz-filled boudin 
necks demonstrates that the upright folds 
formed during kyanite-grade metamorphism. 
Crawford et al. [1979] present evidence 
for high-pressure and high-temperature (-8 
kbar, 625øC) mineral assemblages in these 
schists. This metamorphism is inferred to 
precede the kyanite grade metamorphism of 
the rocks in the underlying schist packet 
to the west (Table 1, Figure 3). Zoning 
patterns in the garnet and plagioclase in 
kyanite-staurolite schists record a 
history of continuing mineral growth to 
lower-pressure conditions (-4 kbar). We 
suggest that this represents continuing 
mineral growth during uplift and 
emplacement of this schist packet over the 
lower packet before metamorphism ceased. 
The Ecstall Pluton and its immediately 
surrounding country rocks represent a 
third and uppermost high-pressure packet 
of rocks. Kyanite-bearing migmatitic 
country rock schists and gneisses in the 
vicinity of the Ecstall pluton record 
pressures of 8+1 kbar and temperatures 
above 600 øC. The Ecstall pluton contains 
primary magmatic epidote, suggesting 
crystallization at high pressure [Crawford 
and Hollister, 1982; Zen and Hammarstrom, 
1984]. Close to the pluton a strong shear 
fabric is encountered. Folds are 
flattened and obliterated, mineral grain 
size decreases, the schist develops a 
strong planar foliation, and locally the 
rock contains lenticular patches that 
apparently result from transposition of 
individual layers (Figure 5b). Elsewhere 
in this uppermost packet, structures in 
the migmatitic quartzofeldspathic and 
hornblende gneisses have an arcuate 
pattern parallel to the northern contact 
of the Ecstall Pluton. The gneissic 
banding is folded into meter-sized 
recumbent, northwesterly verging folds 
with sheared-off lower limbs and gently 
dipping axial surfaces. These folds are 
interpreted to have formed during 
emplacement of the Ecstall pluton while 
the schists were at high pressures. 
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The pluton contact parallels the shear 
foliation in the schist; the schist and 
the foliation dip gently east and 
southeast under the intrusive body. At 
its margin the pluton also shows a strong 
penetrative foliation. Toward the pluton 
interior this shear foliation grades into 
a migmatitic foliation defined by 
alignment of magmatic hornblende and 
oriented elongate mafic inclusions. This 
magmatic flow foliation parallels both the 
pluton contact and the foliation in the 
country rock; it becomes less distinct 
toward the interior of the body. This 
flow foliation must result from strain 
within the pluton during its crystalli- 
zation. Because the pluton contact and 
the flow foliation within the pluton 
margin parallel the foliation in the 
schist, the pluton emplacement is inferred 
to have accompanied the deformation that 
produced this foliation in the country 
rocks (Table 1). The presence of 
unfoliated felsic medium-grained to 
pegmatitic dikes which cut across the 
schists, the pluton margin, and the 
interior of the pluton, suggests that 
crystallization of the igneous body 
outlasted the deformation. 
Tonalite sills occur parallel to the 
metamorphic foliation in the schists at 
several localities between the Ecstall 
pluton contact and the Prince Rupert shear 
zone (Figure 5a). These sharply bounded 
concordant sills are tens to a few hundred 
meters thick. Some of these sills consist 
of blocks of tonalite/diorite tens of 
centimeters across, separated by anasto- 
mosing thin veins of felsic material. The 
blocks appear to have been plastically 
deformed but show no evidence of extensive 
disruption by flow. The felsic material 
between the blocks apparently represents 
the last melt to crystallize. This 
evidence of internal disruption of the 
sills before they completely solidified 
suggests they too were syntectonic. These 
sills also are locally foliated, 
particularly along their margins. 
The structural and metamorphic features 
described above define a packet of high 
pressure kyanite-bearing and locally 
migmatitic schists and gneisses intruded 
by the Ecstall pluton and simultaneously 
transported westward and northwestward 
over slightly lower grade nonmigmatitic 
schists. The inferred emplacement of the 
Ecstall pluton during the deformation and 
ongoing metamorphism of the packet of 
upper amphibolite grade metamorphic rocks 
constrains the age of that deformation to 
-98+4 Ma (point a, Figure 3) based on the 
U/Pb zircon date on the Ecstall Pluton 
[Woodsworth et al., 1983b]. The field 
evidence suggests that the uppermost 
schist and gneiss packet was already at 
high metamorphic grade at that time. 
Subsequently, the packet of kyanite- 
staurolite grade schists that underlies 
the Ecstall pluton, carrying with it the 
Ecstall pluton with its envelope of high 
grade schist and gneiss, was underthrust 
from the west by the lowermost packet of 
lower-grade schists. Tonalite sills in 
the middle packet and plagioclase-phyric 
sills in the lowermost packet were 
emplaced and deformed during this 
interval. As discussed above, the contact 
between the middle and lower packets lies 
within the Prince Rupert shear zone. We 
further infer the biotite through kyanite 
grade metamorphism in the westernmost 
lower packet dated at 90+1Ma [Sutter and 
Crawford, 1985] was cause--d by emplacement 
under the hot schists of the upper packets 
(point b, Figure 3). Figure 3 schemati- 
cally summarizes the pressure, temperature 
and time relations of these events. 
At the eastern end of section A-A' 
(Figure 4, 5a), as elsewhere along the 
length of Tsimpsean Peninsula within 5 km 
of the western shore of Work Channel, 
structures in the schists and gneisses are 
steep and trend in a northwesterly 
direction, parallel to the Work Channel. 
Lineations and fold axes plunge steeply 
(600-90 ø ) down the dip of the foliation. 
Along section A-A' the steeply dipping 
structures marking the Work Channel 
lineament zone are overprinted on the 
recumbent folds associated with Ecstall 
Pluton emplacement. These steep 
structures associated with formation and 
displacement along the Work Channel 
lineament represent a further deformation 
of the schists of the western belt. 
Rotated porphyroblasts with asymmetric 
tails in augen gneisses along Work Channel 
suggest vertical movement, with the block 
on the eastern side of the zone displaced 
upward. By analogy with the development 
of shear zones in the central belt 
described below, and the timing of 
emplacement of the Quottoon pluton, we 
date these structures and the movement on 
the Work Channel lineament zone as being 
between 65 and 55 Ma (Table 1). 
In summary, the western margin of the 
Coast Plutonic Complex displays crustal 
thickening accomplished by tectonic 
transport and stacking of at least three 
separate rock packets, separated by highly 
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deformed zones, with higher-pressure, 
higher-temperature metamorphic rocks 
superimposed over lower-grade rocks to the 
west. Emplacement of an epidote-bearing 
pluton and tonalite sills accompanied 
crustal thickening and, we suggest, 
facilitated transport of the thrust slabs. 
Cooling of these units to 250øC (Figure 3) 
is recorded by 70 Ma K/Ar dates on biotite 
in the Ecstall pluton and schists on Kaien 
Island [Hutchison 1982: Harrison et al., 
1979]. A younger'40Ar/39Ar age of -57 Ma 
on hornblende [Sutter and Crawford, 1985] 
occurs close to the Work Channel 
lineament. 
CENTRAL BELT 
The central belt between 54 ø and 55 ø N 
(Figure 2) consists of the Central Gneiss 
Complex, which is composed of high-grade, 
mostly migmatitic rocks injected by 
tonalite sills of Late Cretaceous to Early 
Tertiary age. For the central belt of the 
Prince Rupert-Skeena map area we estimate 
that 40% of lithologies present before 
intrusion of tonalite sills and plutons 
are of sedimentary origin and 60% are 
volcanic, mostly felsic but with some 
andesitic material. These lithologies 
together presently comprise 50-60% of the 
exposed rocks; the rest are intrusive 
tonalite and leucotonalite sills and 
plutons. 
In the transect area the Central Gneiss 
Complex can be subdivided into three 
regions based on lithologic characteris- 
tics. The southeastern region extends 
from the head of the Extew River across 
the Skeena River; the northern region, 
from the head of Extew River to Portland 
Inlet and east of Khutzeymateen Inlet; and 
the western region extends from 
Khutzeymateen Inlet to Khtada Lake (Figure 
2). 
The southeastern region is underlain 
mainly by grey-weathering biotite- 
hornblende-plagioclase-quartz gneiss and 
migmatite [Hutchison, 1982]. Unambiguous 
sedimentary protoliths are rare, but 
scattered sillimanite and calcsilicate- 
bearing rocks indicate that at least some 
of the rocks of this region are 
supracrustal in origin. Hill [1985] 
describes crinoids in a calcsilicate pod 
from within this region. The protolith of 
the grey-weathering gneisses could be 
andesitic lava flows and/or tonalite 
sills. The pervasive foliation in these 
rocks suggests that the grey-weathering 
gneisses, from which an 85 Ma concordant 
U/Pb date was obtained [Woodsworth et al., 
1983b], are older than the relatively 
undeformed plutons such as the Quottoon, 
Kasiks, and Ponder plutons. The age of 
the Quottoon pluton is about 60 Ma based 
on a U/Pb date [Armstrong and Runkle, 
The northern region of the central belt 
is underlain predominantly by layered 
leucogneiss [Hutchison, 1982] which, near 
Redcap Mountain, is chemically similar to 
silicic volcanic rocks [Hill, 1984]. This 
gneiss, which is not migmatitic, gave a 
nearly concordant U/Pb date of 139-Ma 
[Hill, 1984], significantly older than the 
65-85 Ma dates from migmatites in the 
Central Gneiss Complex. The 139 Ma date 
gives a minimum age for the protolith of 
the leucogneiss. 
Hill et al. [1985] and Hill [1985] 
suggest that the protolith of the eastern 
portion of the central belt represents a 
metamorphosed equivalent of the Stikine 
terrane, which forms the eastern belt. 
They base this suggestion on the chemical 
similarity of some of the gneisses in the 
central belt with Lower to Middle Jurassic 
arc volcanics of the Hazelton Group [van 
der Heyden, 1982; Hill, 1984], on the 
presence of metamorphosed clastic sedi- 
ments of the Upper Jurassic Bowser Lake 
Group in the central belt, and on an 
occurrence in high grade rocks of the 
central belt of crinoid stems similar to 
those found in Lower Permian limestones of 
Stikinia [Hill, 1985]. 
The western region is about 50-60% 
unambiguous metasedimentary units 
(abundant sillimanite, calc-silicate-rich 
layers, b•ltite + cummingtonite or 
hypersti.%ne bearing layers); at least 30% 
tonalite sills; and the rest, grey- 
weathering gneiss of uncertain origin. 
Douglas [1986] suggests that 
metasedimentary rocks that lie south of 
Khutzeymateen Inlet are arc derived and 
correlate with the sedimentary part of the 
Lower Jurassic to Late Cretaceous Gravina- 
Nutzotin belt [Berg et al., 1972] in 
southeast Alaska. Graded beds and 
channeling with a consistent upward 
younging direction favor the interpreta- 
tion that large-scale folding has not 
overturned the section in this area. 
All in all, the protoliths of the 
central belt appear to be arc-derived 
sedimentary and volcanic rocks largely of 
late Paleozoic and Mesozoic age and 
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Fig. 6. Map of a portion of the central belt near Khtada Lake (Figure 2), 
showing the location of cross sections CC'and DD' (Figure 7). Ductile shear 
zones are marked by wavy lines; the patterned areas are major plutonic bodies. 
intruded by a considerable volume of Late 
Cretaceous to earliest Tertiary tonalite 
sills, including the Kasiks and Quottoon 
plutons. These observations support the 
conclusion reached by Barker and Arth 
[1984] that the Boca de Quadra segment of 
the Central Gneiss Complex, in the 
adjacent Ketchikan Quadrangle to the 
north, represents the deeply eroded root 
of an andesitic arc complex. 
Detailed studies of the Khtada Lake 
area (Figures 2 and 6) form a basis of 
interpretation for the structural 
evolution of the migmatitic parts of the 
central belt. This area can be divided 
into relatively coherent domains, each 
with distinct fold axis and lineation 
directions, that are bounded by ductile 
shear zones hundreds of meters wide 
(Figure 6). 
Within domains, foliation, almost 
everywhere parallel to lithologic 
boundaries, is defined by local 
concentrations of biotite or sillimanite, 
by oriented biotite, and by banding in 
thin leucocratic layers. The latter was 
probably produced in the presence of a 
melt phase [Kenah and Hollister, 1983]. 
The foliation and the compositional 
layering are folded by large isoclinal 
folds (Figure 7). Thus some anatexis and 
therefore substantial heating of the crust 
had occurred prior to the development of 
these folds. At the outcrop scale it is 
common to observe minor folds which 
tighten toward and are truncated by 
ductile shear zones that parallel the 
axial planes of these minor folds. Such 
shear zones range in width from a few 
centimeters to tens of meters or more. 
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The foliation in the shear zones consists 
of gneissic layering with leucocratic 
segregations up to a few centimeters 
thick. Within the shear zones are small, 
isolated isoclinal fold noses, most 
commonly of calcsilicate lithologies, and 
isolated slabs or blocks with foliation 
discordant to that of the shear zone. 
These appear to be dismembered relics of 
the surrounding unsheared rocks. We refer 
to the foliation in these ductile shear 
zones as a flow foliation. 
The degree of development of the flow 
foliation described above for centimeter 
to meter scale features increases toward 
the large ductile shear zones shown on 
Figure 6 and also toward the lower contact 
of the Kasiks pluton. Within the shear 
zones, only the flow foliation is 
recognized. These large ductile shear 
zones, hundreds of meters across and 
mappable, in some cases, for up to 15 km 
along strike, are parallel to the axial 
planes, whether recumbent or upright, of 
the map scale isoclinal folds. 
In the hinge of the large recumbent 
fold in the Khtada Lake area illustrated 
in Figure 7 the orientation of minor fold 
axes and lineations, including aligned 
sillimanite needles, changes from east 
plunging to NNE trending as Kasiks pluton 
is approached from the south. This 
implies that the recumbent fold formed at 
sillimanite grade and deformation 
continued in the stability field of 
sillimanite during intrusion of the 
pluton. Primary cumulate textures which 
locally resulted in hornblende-enriched 
bands in the Kasiks pluton suggest it was 
mostly liquid when it intruded. Thus, 
given its tonalite to diorite composition, 
this pluton must have been emplaced at 
about 1000øC or higher [Wiley, 1977]. 
Heat from the pluton locally increased 
temperatures in the gneiss complex to over 
800øC [Kenah and Hollister, 1983], 
promoting further anatexis. We conclude 
therefore that all recognized structures 
in the Central Gneiss Complex south of 
Kasiks pluton formed when the rocks were 
in the sillimanite field of stability and 
above 650øC, the approximate miminum 
temperature for breakdown of muscovite to 
orthoclase and sillimanite. 
Continuing postintrusion deformation 
produced the steeply dipping large ductile 
shear zones, some of which cut the Kasiks 
and Quottoon plutons (Figure 6), while the 
high-temperature part of the Central 
Gneiss Complex and the large tonalite 
sills remained in a partly molten state. 
The leucosome of the migmatite has a 
leucotonalite composition with a melting 
temperature of about 700øC [Johannes, 
1978; Kenah and Hollister, 1983]. Thus 
these shears were developed at 
temperatures above 700øC. 
Sillimanite first formed probably no 
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later than about 85 Ma, the oldest 
concordant U/Pb date from migmatite in the 
Central Gneiss Complex [Woodsworth et al., 
1983b], given that solidus curves are 
predominantly in the sillimanite stability 
field. A preliminary U/Pb date of 55 Ma 
on zircons from the Kasiks pluton (P. van 
der Heyden, personal communication, 1986) 
suggests that deformation dominated by the 
large ductile shear zones was in progress 
and heat was being added to the Central 
Gneiss Complex some 30 Ma later. High- 
grade metamorphic conditions and ductile 
deformation may have continued in this 
area through this entire time interval. 
An early metamorphism is indicated by 
local kyanite and staurolite inclusions in 
garnet [Hollister, 1977; 1982] and other 
relict metamorphic textures [Selverstone 
and Hollister, 1980; Hill, 1984; Douglas, 
1986; Sisson, 1985]. These suggest early 
metamorphism at higher pressures than are 
inferred for the highest metamorphic 
temperature assemblages in the central 
belt. Kyanite and staurolite are absent 
from the schist matrix everywhere in the 
central belt, with the exception of one 
occurrence of staurolite at Redcap 
Mountain [Hill, 1984]. However, silli- 
manite pseudomorphs of kyanite and 
staurolite are widespread. These 
observations provide the oldest point on 
the P-T-time path of these rocks (c, path 
3, Figure 3). This point is also 
constrained by the absence of any textures 
suggesting that garnet occurred in 
hornblende-rich rocks. Garnet-bearing 
amphibolites are common in the kyanite- 
bearing rocks of the western belt, 
suggesting that the western belt schists 
record higher pressures. 
In the Khutzeymateen Inlet area (Figure 
2), metamorphic temperatures (600ø-700 øC) 
barely reached those necessary for partial 
melting [Douglas, 1986]. Thus complex- 
ities of deformation seen at Khtada Lake 
resulting from strain across melt- 
containing ductile shear zones are absent. 
The primary sedimentary features preserved 
in the Khutzeymateen area suggest that the 
entire section is upright. Therefore, at 
least on the scale of this area, 
premetamorphic large-scale recumbent folds 
are absent. Because of the lack of 
metamorphic effects directly attributable 
to the Quottoon pluton (except for some 
migmatite adjacent to the contact) and 
because the pluton itself is unmetamor- 
phosed, regional metamorphism probably 
occurred prior to intrusion of Quottoon 
pluton. According to Douglas [1986], 
sillimanite lineation is parallel to early 
isoclinal intrafolial fold axes that 
plunge gently north, implying that this 
deformation was synchronous with 
metamorphism. Deformation continued and 
produced upright folds with axes parallel 
to those of the intrafolial folds. This 
deformation occurred when the rocks were 
near their maximum temperature and 
continued as temperatures dropped. 
In summary, the oldest recognizable 
petrographic feature in the Central Gneiss 
Complex is a kyanite/ staurolite grade 
metamorphism (c on path 3, Figure 3). The 
kyanite/staurolite metamorphism of the 
western belt is interpreted to have 
started prior to 98 Ma and lasted until 90 
Ma. That of the central belt occurred 
earlier than 85 Ma (Table 1). No 
structural fabric has been identified to 
correlate with growth of the early kyanite 
and staurolite of the Central Belt. In 
the Khutzeymateen area, the least deformed 
part of the central belt, sillimanite 
pseudomorphs of staurolite in the pelitic 
parts of graded beds preserve the 
unmistakable habit of staurolite. We 
suggest that the kyanite and staurolite 
crystallized at depth in the tectonically 
thickened crust generated during the 
collision of the Alexander terrane with 
Stikinia. We infer that this stage of the 
metamorphism was synchronous with the 
development of the highest-pressure 
assemblages of the western belt but 
occurred at somewhat shallower levels. 
The oldest recognized structures, large 
recumbent nappes and isoclinal folds, 
postdate this kyanite-grade metamorphic 
episode. These structures formed at 
sillimanite grade when temperatures were 
higher and pressures slightly lower (d, 
path 3, Figure 3). Low-angle ductile 
shearing and nappe emplacement produced, 
on a regional scale, a dominantly gently 
north dipping foliation of the Central 
Gneiss Complex [Hutchison, 1982]. 
Woodsworth et al. [1985] suggest that the 
orogen formed in a transpressive regime. 
From our observations we suggest that the 
recumbent nappes and associated foliation 
may result from transcurrent motion 
parallel to the orogen. A component of 
compressive stress perpendicular to the 
orogen formed the upright open to 
isoclinal folds following intrusion of the 
Quottoon and Kasiks plutons but while the 
plutons still were above their solidus 
temperature. This compression occurred 
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after 55 Ma, the probable age of Kasiks 
pluton. Heat transfer during crystalli- 
zation of these plutons raised 
temperatures to >600øC throughout the 
Central Gneiss Complex and to over 800øC 
south of Kasiks pluton (between d and e, 
Path 3, Figure 3). Continuing deformation 
produced additional upright folds and the 
large ductile shears which cut the 
plutons. 
Hollister [1982] argued that the 
Central Gneiss Complex south of Kasiks 
pluton was rapidly uplifted from about 60 
Ma to about 48 Ma, the date of nearly 
concordant K-Ar ages of hornblende and 
biotite from this area [Hutchison, 1982] 
and from southeast Alaska [Smith and 
Diggles, 1981]. Mineral reaction textures 
in gneisses of the central belt (locality 
3, Figure 2) show that metamorphic 
conditions evolved from relatively high- 
pressure and moderate temperature to 
relatively low-pressure and high- 
temperature (point e, path 3, Figure 3) 
prior to cooling to surface conditions. 
Relatively more uplift for the area south 
of Kasiks pluton than for the 
Khutzeymateen Inlet area may account for 
the regional, gentle northly dip of 
lithologic layering. 
The Work Channel lineament marks the 
western limit of the area intruded by post 
90-Ma plutons, of sillimanite grade 
metamorphism, and of early Eocene cooling 
dates. This lineament, therefore, marks a 
fundamental boundary between the central 
and western belt rocks. We propose that 
it is the westernmost of the large ductile 
shear zones that cut the central belt. 
Further, we suggest that much of the later 
stages of uplift of the central belt was 
concentrated along the Work Channel 
lineament and other northwest trending 
ductile shear zones. 
EASTERN BELT 
The eastern belt, the western portion 
of the Intermontane Belt of British 
Columbia, was never buried to great depth. 
In the Terrace region, greenschist to 
zeolite facies sedimentary and volcanic 
rocks range from Lower Permian to Upper 
Cretaceous. The main structures are north 
to east directed thrust faults. Along the 
Skeena River southwest of Terrace (in the 
easternmost Central Gneiss Complex) and 
northeast of Terrace (in low-grade 
volcanics), stretching lineations gener- 
ally plunge gently northeast or southwest. 
Minor structures indicate northeastward 
directed transport. The age of this 
deformation is not known with certainty. 
Lower Cretaceous (middle Albian) strata 
are involved, and, in the Whitesail Lake 
area some 100 km southeast, Upper 
Cretaceous rocks may also be involved 
(Woodsworth and van der Heyden, manuscript 
in preparation, 1987), suggesting a mid- 
Cretaceous age for the deformation. There 
is some stratigraphic support for this 
suggestion. Albian strata are marine 
sandstone, siltstone, and shale having an 
easterly or northeasterly source. The 
conformably overlying Kasalka volcanics of 
early Late Cretaceous age are nonmarine. 
Basal conglomerates of the Kasalka Group 
contain detritus derived from the west, 
indicating uplift of the central belt in 
mid-Cretaceous time. 
In most places, Late Cretaceous and 
early Tertiary postthrusting plutons 
occupy the contact between the central and 
eastern belts, and obscure tectonic 
relations between the two belts. One of 
these, the Ponder pluton [Sisson, 1985] 
has superimposed a narrow, low-pressure 
('2.5 kbar) contact metamorphic aureole on 
subgreenschist sediments of the eastern 
belt. 
Late Cretaceous and early Tertiary 
block faulting affects rocks in both the 
central and eastern belts [Woodsworth, 
1979; Woodsworth et al., 1985]. In the 
Whitesail Lake area, block faulting 
affects rocks as young as Oligocene. 
Block faulting may reflect a change from 
transpressive tectonics to transtensional 
and extensional tectonics in the Late 
Cretaceous (Woodsworth and van der Hayden, 
in preparation, 1987). 
INTERPRETATION 
Our work along this transect allows us 
to trace the evolution of the Coast 
Plutonic Complex from mid-Cretaceous (98 
Ma) onward with some confidence. Figure 8 
summarizes the proposed evolution of the 
area. The earlier history is obscured by 
the intense deformation, metamorphism, and 
igneous activity in the Late Cretaceous 
and early Tertiary. Our analysis focuses 
on the component of tectonic transport 
that occurred at a high angle to the 
strike of the orogenic belt, although we 
recognize that extensive strike-slip 
motion parallel to the orogen may have 
occurred during deformation and 
metamorphism. 
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Fig. 8. Sequence of schematic cross 
sections showing our interpretation of the 
evolution of the Prince Rupert-Terrace 
transect, as discussed in the text. The 
pressure-temperature-time paths for 
localities 1, 2, and 3 are indicated in 
Figure 3. The stippled pattern represents 
plutons, open stipple shows zones of 
partial melting. 
U/Pb dates on zircons from southeastern 
Alaska and along this transect indicate 
igneous activity as old as 140 Ma [Barker 
and Arth, 1984; Hill, 1984]. A belt of 
igneous rocks at least 110 Ma old, 
including zoned ultramafic plutons, 
extends from near Ketchikan north past 
Juneau [Berg et al., 1972; Brew and 
Morrell, 1983] and cuts units that can be 
traced into the western schist belt. Late 
Jurassic to Early Cretaceous Gravina 
flysch overlying Paleozoic and Triassic 
rocks correlative with Alexander terrane 
is present in the western belt. We have 
no evidence that connects these Jurassic 
and Early Cretaceous igneous and sedimen- 
tary rocks with a specific tectonic 
process, but Berg et al. [1972], Godwin 
[1975], and Barker and Arth [1984] suggest 
that a volcanic arc and associated 
sediments had formed on the eastern edge 
of what is now called Alexander Terrane 
and elsewhere within our transect by Early 
Cretaceous time. The position at this 
time with respect to latitude of the 
eastern, central and western belts is 
unknown. 
The earliest identified deformation and 
metamorphism, also inferred to be older 
than mid-Cretaceous (110-100 Ma), 
generated the cleavage and intrafolial 
folds of the first deformation in the low- 
grade rocks (locality 1, Figure 2). We 
also assign this age to kyanite-grade 
metamorphism in rock units presently 
exposed in the highest-grade part of the 
western belt (locality 2, Figure 2) and in 
the central belt (locality 3, Figure 2). 
We propose that this metamorphism 
developed in response to crustal 
thickening due to collision of two 
continental crustal slabs, Alexander 
terrane and Stikinia, and compression of 
the intervening crust including the 
Gravina-Nutzotin belt (Figure 8a). In the 
western belt the earliest structures 
suggest that crustal thickening was 
accomplished by underthrusting of western 
packets of rock under eastern packets (or 
overthrusting from southeast to north- 
west). In the central belt the earliest 
structures have been obliterated, thus 
there is little direct evidence for the 
mechanism of crustal thickening in that 
area. However, the thick, upright 
section with preserved depositional 
features in the Khutzeymateen area 
suggests that the initial crustal 
thickening was caused by stacking of thick 
slabs of internally undeformed supra- 
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crustal rocks. The total transport 
distance of overthrust slabs is unknown, 
but it was constrained by the buoyant 
forces of subducted continental crust. 
Continuing deformation was accompanied 
by the intrusion at 98 Ma of the Ecstall 
pluton (Figure 8b), tonalite/diorite sills 
near Prince Rupert, and andesitic dikes in 
the lower-grade rocks; as well as forma- 
tio• of abundant quartz veins in the lower 
grade rocks. We propose that these magmas 
were generated and emplaced as schemati- 
cally illustrated in Figure 8b by melting 
at the base of the tectonically thickened 
crust [Hollister and Crawford, 1986]. The 
evidence for deformation during and after 
igneous intrusion implies that the melt 
facilitated and probably enhanced the 
deformation. The fluid that formed the 
numerous quartz veins at the top of the 
lowermost packet may have played a similar 
role for the lower thrust zone. 
At some time between about 90 and 85 
Ma, northeasterly directed thrusting on 
the eastern side of the complex (Figure 
8c) emplaced high-grade rocks of the 
central belt structurally above low-grade 
strata of the eastern belt. This time is 
marked in the stratigraphic record by a 
change from easterly derived marine 
sediments to (at least locally) westerly 
derived conglomerates overlain by calc- 
alkaline, nonmarine volcanism in the 
eastern belt, This resurgence of volcan- 
ism in the eastern belt indicates an 
eastern migration and extension of 
magmatic activity associated with the 
collisional orogen [Woodsworth, 1979]. 
Volcanism and high-level plutonism in the 
eastern belt may be a high-level 
expression of the metamorphism and 
deformation occurring at a deeper level in 
the central belt, 
If thrusting involved upward transport 
of deeply buried crustal material and 
associated magmas and underthusting of 
surficial rocks• highe•grade rocks should 
occur structutally above lower•grade 
rocks, and heating and metamorphism of the 
lower packets by the hotter higher packets 
would be expected. In addition, each 
overthrust packet would have been cooled 
by the underthrust colder rocks, locking 
in the mineral equilibria present at the 
time of thrusting. Such effects occur in 
the western schist belt. Inverted meta- 
morphic gradients are also associated with 
thrusting of hot Central Gneiss Complex 
rocks eastward over cool rocks of the 
eastern belt [van der Heyden, 1982]. 
Tectonic uplift, enhanced by continued 
underthrusting of material from the west, 
as well as isostatic uplift and erosion of 
the tectonically thickened crust, raised 
the deeper part of the western schist belt 
to shallower levels by the end of the 
Cretaceous (the cooling age of biotite in 
the western schists). 
The next stage in the development of 
the Coast Plutonic Complex involved 
intrusion of voluminous tonalite to 
diorite sills and plutons from about 75 to 
50 Ma and continuing deformation of the 
rocks of the central belt to form large 
recumbent nappes. The later stages of 
this magmatic episode were accompanied by 
uplift of that belt (Figure 8d). The 
Kasiks pluton and related sills (Figure 7) 
imply a minimum of 7 km of material added 
to the crust in the central belt at this 
time. The chemical data reported by 
Barker and Arth [1984] for similar tona- 
lite along Boca de Quadra in southeastern 
Alaska suggest that these magmatic rocks 
originated in the mantle. Cumulate 
plagioclase and amphibole in these igneous 
bodies imply a hot (>1000øC) magma during 
intrusion which also implies a mantle or 
very deep crustal origin for the magma. 
Settling of early crystallizing ortho- 
pyroxene and hornblende in the tonalite 
sills and plutons could have produced the 
small bodies of orthopyroxenite and 
hornblendite found within the Work Channel 
lineament zone and scattered through the 
central belt, although a mantle origin for 
these ultramafic bodies cannot be ruled 
out. In the eastern belt and eastern part 
of the central belt, the period from 75 to 
50 Ma was marked by high-level plutonism, 
calc-alkaline volcanism, and block 
faulting. 
The major uplift surge, which 
terminated at about 48 Ma [Hollister, 
1982], is shown in Figures 8d and 8e. We 
infer that several major steep to vertical 
ductile shear zones formed during this 
interval. The westernmost of these 
follows Work Channel lineament. The 
Quottoon pluton was emplaced prior to or 
at the beginning of uplift. Vertically 
aligned magmatic hornblende crystals in 
the pluton that parallel steep lineations 
in the shear zone along the lineament 
suggest that the pluton was syntectonic 
and may have facilitated uplift of the 
central belt block. This uplift was also 
probably facilitated by the formation of 
significant amounts of anatectic melt. 
Such melt and tonalite magma accumulated 
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along shear zones within the central belt 
(Figure 6), resulting in enhanced 
ductility of this part of the crust. 
Syntectonic and posttectonic granodiorite 
and granite, including parts of Ponder 
pluton, record extensive early Tertiary 
igneous activity along much of the 
boundary between high-grade gneisses of 
the central belt and low-grade strata of 
the eastern belt. The latter show contact 
metamorphism at 2-3 kbar next to Ponder 
pluton [Sisson, 1985]. Brittle, exten- 
sional faulting probably occurred in all 
three belts during uplift, and continued 
into the Oligocene in the eastern belt. 
Uplift rates in the western belt 
averaged about 1 mm/yr between 98 and 70 
Ma. Uplift of the central zone was at a 
rate of about 1 mm/yr between 60 and 48 Ma 
(Figure 8e). From about 45 Ma to the 
Miocene the present erosion surface was at 
a depth of about 5 km (Figure 8e). Post- 
Miocene uplift [Parrish, 1983] and 
Pleistocene glaciation brought the rocks 
to the surface. 
Our final conclusion is that weakening 
of the crust in the presence of melt and 
of compressire stress leads to rapid 
deformation and substantial uplift due to 
a drop in strength across zones occupied 
by melt [Hollister and Crawford, 1986]. 
This process may be a general character- 
istic of the collision of fragments of 
continental crust. 
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